Adenoviral gene transfer allows Smad-responsive gene promoter analyses and delineation of type I receptor usage of transforming growth factor-beta family ligands in cultured human granulosa luteal cells.
In the human ovary, cell growth and differentiation are regulated by members of the TGF-beta superfamily, including growth differentiation factor-9 (GDF9), TGF-beta, and activin. TGF-beta and activin are known to signal via Smad3 activation, and we have recently shown the involvement of Smad3 in cellular responses to GDF9. Recent studies with Smad3-deficient mice have also indicated a key role for this signaling mediator in ovarian folliculogenesis. We now demonstrate the use of a Smad3 reporter (CAGA-luciferase) adenovirus in primary cultures of human granulosa-luteal (hGL) cells to detect GDF9, TGF-beta, and activin responses. In rodent granulosa cells, TGF-beta and GDF9 signal through the TGF-beta type I receptor or activin receptor-like kinase 5 (Alk5), whereas the effect of activin is mediated though the activin type IB receptor, also known as Alk4. We now show that the GDF9 response in hGL cells is markedly potentiated upon overexpression of Alk5 by adenoviral gene transduction, as measured by the CAGA-luciferase reporter activity. A similar response to Alk5 overexpression was observed for TGF-beta, but not for activin. Adenoviral overexpression of the activin type IB receptor Alk4 in hGL cells specifically potentiated activin signaling, but not GDF9 or TGF-beta signaling. Alk5 overexpression in hGL cells also potentiated the GDF9 response when inhibin B production was used as the read-out. These results indicate that the CAGA-luciferase adenovirus can be used to study Smad3 signaling in primary cultures of human cells, and that adenoviral overexpression of wild-type receptors of the TGF-beta superfamily can be used to amplify the cellular response to ligands such as GDF9, TGF-beta, and activin. Furthermore, these studies indicate the involvement of Alk5 in GDF9 signaling in human cells and therefore, along with other recent studies, highlight how a limited number of type I and II receptors cooperate to generate specificity of action within the TGF-beta superfamily.